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CHEM CAL AND BIOLOG CAL WATER QUALITY OF SELECTED STREAMS IN THE BELUGA OCOAL
AREA,  ALASKA

by ]
Mary A Maurer

ABSTRACT

Chenical water quality of five streans (Chuitna R ver and Bi shop, Capps,
Mddle, and Lone Ceeks) in the Beluga coalfield was determned during 1983-84

to evaluate premning conditions. In addition to field measurenents,
i n-organic constituent, trace netal, mnor element, and nutrient sanples were
col | ect ed. Benthic invertebrates were quantitatively sanpled in two of the

five streams, Mddle and Lone Creeks, to assess biological water quality.
Results showed that the five streanms have good chemical water quality wth
hi gh concentrations of dissolved oxygen and | ow concentrati ons of dissol ved
i norganic constituents, trace netals, mnor elenents, and nutrients. All
streans have cal ci umbi carbonate water, except |ower Bishop Creek, which is a
m xed type (cal ci um sodi um bi carbonate water). Low al kalinity values in all
five streans indicate poor acid-neutralizing capability. I ncreased stream-
flow, surface runoff, and suspended sedinment el evate total netal and nutrient
concentrations in Bishop and Capps Creeks during June. Total iron concen-
trations are relatively high in all five streans. Bent hi c-invertebrate
comunity structure shows that biological water quality in Mddle and Lone
Ceeks is good. Benthic invertebrate standing crop exceeds 12,000 inverte-
brates per m® and nunber of taxa averages 19 in both streams. Although
invertebrate densities vary, the conposition of the taxa is simlar anong the
sites. Chironom d mdges are the nost abundant taxa in both streans. Hi gh
invertebrate density and nunerous taxa are attributed to warm sumrer water

t enper at ur es, [ight suspended sedinent |oads, and groundwat er-mnaintai ned
winter baseflow

1DC{ES, P.O Box 772116, Eagle River, A aska 99577.



| NTRODUCTI ON

Surface coal mining is proposed to begin during the 1990's in the Bel uga
coal area. Surface-water quality protection is a primary concern in the
devel oprment of these proposed coal mnes because of the highly val ued fishery
resources of the Chuitna and Beluga R vers and their tributaries. Pl anni ng
for protection of the surface waters and their fishery resources can be
enhanced through areal collection of baseline surface-water quality data prior
to mning. Several studies have investigated surface-water quality in the
Bel uga coal area (Scully, 1981; Envirommental Research and Technol ogy, Inc.
[ERT], 1984a, 1984b; Maurer and Toland, 1984). The purpose of this study is
to supplenent these prior studies by interpreting the second year data of the
chenmical water quality study and to present biological water-quality informa-
tion on two streans that will be influenced by the first phase of coal mne
constructi on.

The specific objectives of the study are to: 1) deternine baseline
chemical water quality in five streams within the Beluga coal area, 2) assess
bi ol ogi cal water quality by determning the benthic invertebrate comunity in
Middle and Lone Creeks prior to mning, and 3) suppl enent baseline infornmation
to assess the effects of future coal nining on water quality. The enphasis of
the chenmical water-quality investigation is on trends in field variabl es,

maj or inorganic constituents, and nutrients. Sanmpl es were collected to
correspond with specific hydrologic flow conditions of early sumer (June),
late summer (August), early winter (Decenber), and late winter (March). The

focus of the biological water-quality investigations is on determ nations of

benthic invertebrate distribution and abundance. Benthic invertebrates were
selected as bhiological indicators of water quality because they are relatively
inmobile, year-round inhabitants of streams, are sensitive to water chemstry
and aquatic habitat changes, and are inportant food sources for fish (Cairns
and Dickson, 1971).

STUDY AREA

The Beluga coal area is located in southcentral A aska on the west side
of Cook Inlet, about 80 km (50 mi) west of Anchorage (fig. 1). A detailed
description of the physiography, climate, and streamcharacteristics is given
in Maurer and Toland (1984). Five nonglacial streans, Bishop Creek, Capps
O eek, Middle Creek, Lone Oeek, and the Chuitna R ver, which drain fromthe
Beluga coalfield area, were selected to obtain areal water-quality conditions.
The locations of chem cal and biological water-quality sanpling sites al ong
these streans are shown on figure 1. Bi shop Greek is the proposed control
stream because no coal mning is planned within its watershed. Al chenical
water-quality sanpling sites were located in the Iower reaches of the streans,
downst ream from prospective m ning. Macr oi nvertebrate sanpling sites were
located at an upper, mddle, and |lower reach in Mddle and Lone O eeks, which
drain from a proposed surface coal nine (fig. 1).
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Figure 1. Location map of bhenthic invertebrate and chemcal water-quality
sampling sites, Beluga coal area, Alaska.
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METHODS
Chem cal

Stream discharge was neasured on each sanpling date at the chemcal
water-quality sites wth a Mrsh-MBrney current neter according to US
Geological  Survey nethods (Carter and Davidian, 1968; Buchanan and Soners,
1969).  Vdter tenperature, dissolved oxygen concentration, and specific
conductance were measured in the field with a digital 4041 Hydrolab. An Oion
digital pH neter was used to neasure field pH. Masurements of dissolved
oxygen and pH were taken in low velocity reaches wthin the stream to avoid
streaming effects across the nenbrane probes. Bicarbonate alkalinity was
neasured in the field by titrating an untreated 206-ml1 sanple wth 0.01639N
sulfuric acid to an electronetrically determned endpoint of pH 4.5 (US
Environmental  Protection Agency [erA], 1983).

Al water sanples were collected by the grab sampling technique. Sanpl es
for major inorganic constituents and dissolved trace-netal analyses were
immedi ately filtered through a 0.45-um nmenbrane filter. Total and dissolved
trace-metal sanples were acidified wth double-distilled 70-percent nitric
acid inmediately after collection, MNutrient sanples for total concentration
analysis were untreated, while those for dissolved concentration analysis were
filtered in the field through a 0.45-um nenbrane filter. Al nutrient sanples
were frozen wthin eight hours of collection.

Major inorganic constituents, total trace-netal, and dissolved trace-
netal sanples were analyzed by Anatec Laboratories, Inc., Santa Rosa,
California. Al inorganic constituents were analyzed according to US EPA
(1983) or American Public Health Association (APHA) nethods (1980). Wth the
exception of boron, trace-netal concentrations were neasured using atomic
absorption spectrophotometry according to the nethods of the US. EPA (1983).
Boron concentrations were neasured colorimetrically using the nethods of \Wlf
(1974). MNutrient sanples were analyzed at the Aaska Department of Fish and
Game laboratory in Soldotna, Aaska. Concentrations of total phosphorus and
total ammonia plus organic nitrogen were analyzed with a Technicon Auto
Analyzer Il1. Dssolved nitrite plus nitrate and dissolved ammonia were
analyzed in accordance wth the nethods of Stainton and others (1977).
Filterable reactive phosphorus (an estimate of orthophosphate), and total
filterable phosphorus were mneasured according to the methods of Eisenreich and
others (1975).

Bi ol ogi cal

Three benthic invertebrate sanpling sites were selected on the upper,
mddle, and lower reaches of Mddle and Lone Oreeks corresponding to synoptic
survey sites 1, 2, 5 7, 8 and 11 (fig. 1) of Maurer and Toland (1984).
Sites 5 and 11 are located at chemcal water quality sites (fig. 1). Sanples
were collected during June and August of 1983 and 1984. Statistical anal yses
were perfornmed on synoptic-survey invertebrate densities using the nethods of
BElliott (1971) to estimate a suitable sanple size per site. The results
indicated that ten sanples per site in Mddle Creek and three sanples per site
in Lone Qeek were required for a standard error equal to 20 percent of the
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mean. Because such a sanpling schedule would greatly increase the tine
required for sanpling and anal ysis, an alternative of four sanples per site
was agreed upon. Each stream reach was separated into four equal vertica
strata. A stratified random sanpling techni que was used; that is, one sanple
was randomy chosen within each stratum Habi tat variables of water depth
stream wdth, and water tenperature were neasured at each sanpling point.
Water velocity at the streanbed was nmeasured with a Marsh-MBirney current
meter before sanpling. Stream substrate conposition within the area of the
sanples was estinmated visually by examning the relative percentages of
boul der (>256 nm diam), rubble (64-256 nmdian), gravel (2-64 nmdian), and
sand/silt (0.004-2.0 nm diam) (U S EPA 1973).

A cylindrical aluninumsubstrate sampler 0.6 mhigh and 0.1 p? w de was
used to collect benthic invertebrates. The front side of the sanpler frane
was covered with a net conposed of 600-um (pore dianeter) N TEX (nylon nesh)
to increase water flow through the sanpler; 300~pm N TEX was used on the back

side and trailing collection bag. Sanpl es were collected by working the
sanpler into the streanbed and displacing the rocks to dislodge invertebrates
Larger rocks were examned to insure that all invertebrates were renoved

I nvertebrates were washed into the collection bag and trapped in a detachabl e
plastic bucket at the end of the bag. Sanples were preserved with a solution
of 70-percent ethyl alcohol and water, to which rose bengal bacteriol ogi ca
stain was added to facilitate later sorting

Al invertebrates were handpi cked from sanple debris and stored in
70-percent ethyl alcohol. I nsects were counted and identified to the nost
practical taxononmic |evel using keys by Usinger (1956), Jensen (1966), Snith
(1968), Ednunds and others (1976), Baumann and others (1977), Wggins (1977),
and Merritt and Qunmmins (1978). In many cases, very snall specimens could be
identified only to the ordinal or famly taxonomc |evel. Non- i nsect i nverte-
brates were identified to the class or ordinal |evel using keys published by
Pennak (1978).

Invertebrate biomass was determined by neasuring the wet weight
(+ 0.001g) of all invertebrates in each benthic sanple. Invertebrates, the
al cohol contents of the vial, and a 10-ml al cohol rinse were poured onto a
tared 0.45-uym nenbrane filter contained in a MIlipore filtering unit. A
vacuum punp was hand-operated at a pressure of 30-cm nercury for one ninute to
remove the excess alcohol. The invertebrates and filter were then inmediately
weighed on an electronic balance.

Several quantitative nmethods were used to anal yze invertebrate sanples.
Insect abundance was based on density (nunber of invertebrates per m?). The
nunber of taxa in each sanple was determned by summing the identifiable
insect fanilies and other invertebrate groups. Invertebrate community struc-
ture was cal cul ated using the Shannon-Waver diversity index (H), a neasure
of the nunber and relative abundance of taxa in a sanple, and the evenness
value (J'), a neasure of the distribution of individuals anong taxa in a
sanpl e éPooIe, 1974). The formula for the Shannon-VWaver diversity index is
H' = - s Py log2 pi' Wwhere s is the nunber of taxa and 1 is a proportion

i=1i



(total nunber of invertebrates of the ith taxa divided by the total nunber of
invertebrates of all taxa). Evenness is expressed as J' = H'/H' where
H' vinun = 108, (s = number of taxa). The diversity and evenndiB ET: uss tor
stream, year, afd" month were calculated on pooled sanples; that is, all

sanples wthin the stream year, or nonth were summed to form a single sanple.

A three-factor statistical analysis of variance (Zar, 1974) was applied
to invertebrate density data to determne if there were differences between
streams and ampng sites. Prior to analysis, the density data in each sanple
were transforned from X to log X to approximate a normal distribution
(Elliott, 1971). The probability level wused in the analysis of variance F
test was = 0.05.

RESULTS AND DI SCUSSI ON
Chemcal \Water Quality

Field wvariables

Streanflow was neasured at each chemcal water-quality site on each
sampling date (fig. 2). The hydrographs show high flow during June in Bishop
and Capps Creeks, and the Chuitna Rver, but little variation in streanflow in
Mddle and Lone Creeks. Athough an attenpt was made to collect data during
the various flow conditions, including wnter baseflow spring runoff, sunmer
low flow, and early wnter flow the single sanpling date in June did not
allow peak spring runoff to be neasured in Mddle and Lone QOeeks. Peak
spring discharge at these two streams occurs in My (ERT, 1984b). Moreover,
the June neasurement of suspended sediment load in Mddle and Lone Qreeks is
significantly less than in Bishop and Capps Oreeks (Mawurer and Toland, 1984).
These observations are inportant because suspended sedinent has a significant
effect on the chemcal water quality of Bishop and Capps Ceeks. Streamf|ow
neasured in the Chuitna Rver in June represents early sumer high flow
because peak spring runoff normally occurs in late My or early June (USGS
1984; 1985).

Qher variables neasured in the field were water tenperature, specific
conductance, pH, alkalinity, and dissolved oxygen concentration (app. A).
VWter tenperature ranged from 0°c in Bishop, Mddle, and Lone QOeeks, and the
Chuitna Rver during Decenber and Mrch to a high of 13.8°C in the Chuitna
Rver in August (app. A). Capps COeek showed the least variation in water
tenperature due to higher elevation, relatively steep gradient, and proximty
to ground water sources. Specific conductance is relatively low for all the
streans conpared to surface waters elsewhere (Hem 1970), averaging only
50 umhos/cm at the five sanpling sites. Athough relatively little change in
specific conductance occurred seasonally anong the five streans, specific
conductance did wvary inversely wth discharge. Man pH values show that
Bishop and Capps Creeks are slightly acid, while Mddie and Lone QOeeks and
the Chuitna River have values slightly above neutrality. The lowest pH, 5.85
was neasured in Capps Qeek. Bicarbonate alkalinity is simlar anong all
sites and varied inversely wth discharge. Akalinity values, ranging from
10.5 to 46 mg/L, indicate poor ability of the streans to neutralize acids.
Dissolved oxygen concentrations were generally near saturation in each stream
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Figure 2. Stream discharge on each sanpling data at chemcal water-quality
sites in five streams, Beluga coal area, Alaska.

ranging from 92 to 100 percent saturation in the summer and from 78 to
100 percent in the wnter. The lowest concentrations were neasured in
December  1982.

Di ssol ved constituents

The concentration of major cations and anions was consistently low.  The
total filterable residue (dissolved solids) concentrations varied little,
ranging from 44 to 61 mg/L among the five streans (app. A. Based on the
average percentage of nmajor ion concentrations, Bishop Qeek had a slightly
different ionic conposition than the other four streams (fig. 3).

Between 50 and 55 percent of the cations in Capps, Mddle, and Lone
Oeeks and the Cuwitna Rver are calcium followed by magnesium sodium and
potassium at 24, 22, and 4 percent, respectively. Bishop Creek, however, has
equal percentages (41 percent) of calcium and sodium a relatively low 15 per-
cent of mgnesium and 4 percent potassium

Bicarbonate represents about 86 percent of the anions in all five
streams.  Chloride and sulfate ions are relatively mnor (less than 1.0 percent
each) for all streams except Bishop Creek, where chloride is 21 percent of the
total anions (fig. 3).

~ Based on these ionic conpositions, Ca,ops, Mddle, and Lone Creeks and the
Chuitna River have been classified as calciumbicarbonate waters, while Bishop
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Figure 3. Trilinear diagram of water analyses for five streans in the Beluga
coal area, Aaska, during 1983 and 1984.

Creek has been classified as cal ci umsodi um bicarbonate water because of

hi gher sodi um and chl oride content (fig. 3). The ionic conposition of the
m ddl e reach of Bishop Creek does not differ appreciably fromthe other four
streans (Scully, 1981), and the source of the sodiumand chloride ions may be
exposed deposits of ‘very fine bonded plastic clay' which occur only along the
streams lower reach (Barnes, 1966).

Silica concentrations ranged from9.7 to 13.6 mg/L (app. A), Wwhich are
characteristic of surface waters (Hem 1970). Significantly | ower concen-
trations, however, were measured in August at all sites, and this rmay be in
part due to silica utilization by aquatic algae, particularly diatons (Reid,
1976).

Trace nmetals and mnor elenents

The concentrations of trace nmetals and minor elenents neasured in all
five streans are generally | ow or below detection limts (app. B), and nost
el enents do not vary significantly anong streans nor show distinct seasona
trends. Alumnumand iron were the nost abundant netals neasured in all five
streans, and seasonal trends are apparent in total alumnum and dissolved iron
concentrations (fig. 4). Total aluminum concentrations generally were simlar
anong streams, but concentrations were noticeably elevated in Bishop and Capps
Creeks in June (2.2 mg/L and 12.0 mg/L, respectively) due to high suspended
sedi nent | oad.
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Figure 4. Seasonal variation in total alumnum total iron, and dissolved iron
in five streans, Beluga coal area, A aska, from 1982-84.
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Total iron concentrations varied little anmong streans (fig. 4), but were
consistently the highest of all trace netals nmeasured, ranging fromO0.41 to
8.8 mg/L (app. E). There was little seasonal variation in total concen-
trations anong streans, except at the Capps Creek site where a concentration
of 8.8 mg/L was neasured during the high suspended-sedinment |oad period in
June (fig. 4). Dissolved iron concentrations were also simlar among streans,
ranging from 0.02 to 1.2 mg/L (app. A), and a seasonal variation is apparent.
The hi ghest dissolved iron concentrations were nmeasured in winter (Decenber
and March); the | owest were neasured in August (fig. 4). This pattern, seen
inall five streans, may be due to the accunulation of organic matter and
bacteria and algal growth which facilitates the precipitation of ferric
hydr oxi de on the stream bottom (Reid, 1976), thereby reducing the concen-
tration of dissolved iron in August.

The Chuitna River site consistently had the | east seasonal variation and
| onest concentration of total and dissolved iron of all sites neasured
(fig. 4). Total and dissolved iron concentrations at this site averaged
0.63 mg/L and 0.26 mg/L, respectively. A though total iron concentrations in
Bi shop, Capps, Mddle, and Lone Oeeks frequently exceeded the U S. EPA
criteria for protection of fresh-water aquatic life, that is, 1.0 mg/L (EPA
1976), dissolved iron concentrations averaged less than 1.0 mg/L in all
streans (fig. 4).

Total zinc concentrations were detectable in low concentrations
(<10 pg/L) in all streams, and the highest total concentration was recorded in
Capps Creek, during June, at 78 ug/L. Bariumand strontiumwere neasured in
low concentrations in all streans. Low concentrations of these el enents are
typical of many surface waters (Hem 1970). Tot al manganese concentrations
were detectable, but were relatively low in all streams, ranging from
0.02 mg/L to 0.28 mg/L. The highest total manganese concentrations were
associ ated with suspended sedinment in Capps Oeek, and the | owest concentra-
tions occurred in the Chuitna River, where the nmean concentrati on was

<0.03 mg/L (app. B).
Nutrients

The concentration of dissolved nitrite plus nitrate nitrogen ranged from
0.012 to 0.541 mg/L in the five streans (app. O, being relatively high in
Decenber and March and low in August in all streans (fig. 5). The concentra-
tions nmeasured in Decenber and March may be due to ground water inflow under
base flow conditions. Low concentrations in August nmay be the result of
nitrate utilization by algae and bacteria (Reid, 1976). El evat ed concentr a-
tions in Bishop and Capps Creeks, 0.541 and 0.475 mg/L respectively, probably
result from surface runoff associated with high streanflows in June.

Total ammonia plus organic nitrogen concentrations were simlar in the
five streams (fig. 5), and no seasonal trend was observed. A relatively high
concentration of 0.26 mg/L was nmeasured in Capps Oreek during the June high
streanflow (fig. 5). The increasing concentrations nmeasured in all five
streans from Mrch through August 1983 is probably due to organic loading from
surface runoff and to periphyton production (Reid, 1976).
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Dissolved ammonia nitrogen concentrations were relatively low in all five
streans, ranging from 0.01 to 0.04 mg/L (app. ©. The highest concentrations,
0.136 and 0.033 mg/L in Bishop Oreek and Capps COeek, respectively, were
measured during the increased surface runoff of June.

The neasured phosphorus fractions consisted of total phosphorus, total
filterable phosphorus, and filterable reactive phosphorus. The latter two
correspond to dissol ved phosphorus and orthophosphates, respectively (APHA
1980) . Ot hophosphate is the form of phosphorus utilized by plants. Tot al
phosphorus concentrations were sinilar in the five streams, ranging from 0.010
to 0.140 mg/L (fig.' 5). FElevated concentrations were neasured in Capps O eek
in June and August (fig. 5). Al t hough total phosphorus concentrations were
not neasured in Bishop Oeek in June, the elevated concentration in August
suggests that June concentrations in Bishop Oreek were probably el evated as
well . Total filterable and filterable reactive phosphorus concentrations were
also simlar anong streans and exhibited little seasonal variation, except in
Bishop and Capps Ceeks (fig. 5). Total filterable phosphorus concentrations
ranged from 0.005 to 0.088 mg/L and filterable reactive phosphorus concentra-
tions ranged from 0.004 to 0.044 mg/L (app. O. The percentage of total
filterable relative to total phosphorus was consistently high throughout the
sampling period, excluding el evated concentrations in Bishop and Capps O eeks
during June. It is therefore inferred that phosphorus is prinmarily in the
dissolved form rather than the particulate form Simlarly, the percentage of
filterable reactive to total filterable phosphorus was high in all five
streans (app. C©), indicating that the majority of the dissol ved phosphorus is
in the form of orthophosphates. These consistent concentrations of all three
phosphorus fractions are probably the result of a large ground water contribu-
tion to streanflow, which, for exanple, is 34 percent in Lone Ceek and
32 percent in Mddle Ceek (ERT, 1984c).

H gh June di scharge conditions of Bishop and Capps Creeks are the proba-
bl e cause of elevated concentrations of all three phospborus fractions.
However, elevated concentrations of all three fractions were neasured in
Bi shop Creek during August under relatively low streanflow conditions.

Al t hough such el evated phosphorus concentrations cannot adequately be
explained by the linited data of this study, they are nost likely the result
of biological processes.

Biological Water Quality

| nvertebrate abundance

Invertebrate mean density, calculated as the nunber of organi sns per m?,

varied by less than 24 percent between Mddle and Lone Creeks (table 1). The
mean density was 12,085 invertebrates per m? in Mddle Oreek and 15, 806
invertebrates per m? in Lone O eek. The nean density was approxi nately

26 percent higher in 1983 than in 1984 in both streans. A though June and
August nean invertebrate densities were virtually constant in Middle O eek,
the June density was two times greater than the August density in Lone O eek
(table 1). Density decreased progressively from the upper (headwater) site to
the lower site in Lone Oreek (fig. 6). The pattern of invertebrate density
differed sonewhat in Mddle CGreek, with relatively high density at the upper
and nmiddle site and low density at the lower site (fig. 6).
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Table 1. Mean density (no./m?), nean bionass (g/m?), Shannon-\aver diversity,
evenness, and mean nunber of taxa of benthic invertebrates in Mdd e and
Lone Qeeks by nonth and year. n = nunber of sanples. A  95-percent
confidence interval is shown for each nean value of density and bionass.
Dversity and evenness values were calculated on the basis of pooled

sanpl es.
_ Mddle Creek Lone Creek
Density (no./m?)
overall (n = 48) 12085 + 2389 15806 + 4032
month  (n = 24)
June- 12330 % 4269 21055 * 7202
August 11841 + 2784 10557 + 3454
year (n _= 24)
1983 14008 + 4470 17944 + 7516
1984 10162 + 2152 13668 + 3983
Bionass (m/m?)
overall (n = 48) 8.77 + 0.91 13.40 =+ 2.17
mnth (n_= 24)
June 9.62 + 1.59 17.50 + 3.47
August 7.92 £ 0.98 9.30 + 1.77
year (n = 24)
1983 9.00 + 1.49 14.67 + 3.74
1984 8.54 + 1.23 12.13 £ 2.63
Diversity (H)
overall (n = 48) 2.88 2.57
month (n_= 24)
June 2.13 1.71
August 2.99 3.26
year (n = 24)
1983- 2.79 2.44
1984 2.83 2.67
Evenness (J')
overall (n = 48) 0.58 0.52
nonth (n_= 24)
June 0.44 0. 36
August 0.61 0. 66
year (n = 24)
1983 0.56 0.50
1984 0.57 0.54
Vumber Of Taxa
overall (n = 48) 19 19
mnth (n_= 24)
June 17 17
August 22 22
year (n = 24)
1983- 20 19
1984 19 20
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The invertebrate densities of table 1 are substantially higher than those
found by Scully (1981) and ERT (1984a). These differences are probably the
result of different sanpling methodologies. Artificial substrates and a dip
net technique was used in the Scully study and a Surber sanpler was used in
the ERT study. The conpletely enclosed substrate sanpler and finer net mesh
size (300-um) used in our study resulted in higher densities. In addition,
densities reported here are considerably higher than those in Murer and
Toland (1984), who sanpled many mcrohabitats including runs, pools, and
riffles.  The only habitats sanpled in our study were riffles and runs, which
typically have higher invertebrate densities than pools (Hynes, 1970).

Despite density differences between the three studies, the nean nunber of taxa
collected was simlar.

A three-factor analysis of variance (ANOVA, Zar, 1974) was performed on
the invertebrate density data to determine if differences among streans
(Mddle vs. Lone), sites, (upper, mddle, lower), and dates (June 1983,
August 1983, June 1984, August 1984) were statistically significant. The
results of the ANOVA analysis indicated no significant difference between
streams, a highly significant difference anong sites, and a significant
difference anong dates (app. E), This statistical test substantiates the
relationships summarized on table 1 and figure 6. The only significant
interaction was between stream and site, that 1is, mean invertebrate density
of a stream was dependent on site (app. E). The interaction of stream and
date approached statistical significance (calculated F value = 2.74 versus
critical F value = 2,76), due to high June densities in Lone QOreek.

Diversity and evenness values were slightly higher in Mddle Creek. The
overal| diversity values, calculated from pooled sanples, were 2.88 in Mddle
Qeek and 2.57 in Lone Qeek (table 1). The low to noderate numerical values
in both streans indicate a fairly uneven distribution of taxa in sanples
(app. D). There was no difference between years but values were higher in
August, due to an increase in the nunber of taxa. The nunber of taxa ranged
from 11 to 27, and averaged 19 in both streans. Generally, the highest
nunber of taxa occurred at the upper sites in both streans. The |owest
nunber of taxa occurred at the mddle site in Lone Qeek, but there was no
distinct trend in Mddle Creek.

Invertebrate biomass was higher in Lone Qreek, averaging 13.40 g/m? in
Lone Qeek and 8.77 g/m® in Mddle Qeek (table 1). Biomass in Mddle QOeek
did not vary appreciably between the June and August sanpling periods.
Biomass in Lone Creek, however, was greater in June than in August by an
average of 8.20 g/m? (table 1). The June increase resulted from higher
biomass at the upper site (site 7) and the mddle site (site 8) (app. F).
Generally, there was less variability in biomass than in density (fig. 6).

I nvertebrate conposi tion

Five insect orders and six major groups of non-insect invertebrates were
found at all sites. Diptera (true flies), predomnantly chironomd mdges
and blackflies, were the nost abundant invertebrates and represented 66 per-
cent of the total invertebrate conposition in Mddle Creek and 73 percent in
Lone QOeek (fig. 7). Mreover, Diptera represented 80 percent of the total
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Figure 7. Conposition percentages (based on density) of benthic invertebrates
at sites in Mddle and Lone Creeks, Beluga coal area, Alaska, during 1983
and 1984. n = number of sanples.

conposition in June, but only 50 percent in August. As a result, the percent-
ages of the other invertebrate groups were two to three times greater in
August, the greatest increase occurring in Plecoptera. These increases are
due to the appearance of early instars of nenourid and capniid stoneflies and
heptageniid  mayflies. The decrease in the number of Diptera is probably
because of pupation and emergence of mdges and blackflies during the summer.

Ephemeroptera (mayflies) was the second nost abundant invertebrate

group, averaging approximtely 12 percent of a sanple in both streams.  Non-
Insect invertebrates constituted approximately 8 percent of the total inverte-
brates; Qigochaeta (aquatic earthworns) and Acarina (aquatic mtes) were the
nmost abundant taxa. Plecoptera (stoneflies) and Trichoptera (caddisflies)
constituted approximately 6 percent of the total; capniid and nemourid stone-
flies and glossosomatid caddisflies were the nost abundant taxa in their
respective groups (app. D)/

The relative distribution of invertebrate taxa, based on invertebrate
density by percentages, was simlar anmong sites in Mddle and Lone Creeks
(fig. 7). Taxa were nore evenly distributed at the lower sites of each
stream that is, site 5 in Mddle Creek and site 11 in Lone Creek, because
there were fewer dipteran flies present. As a result, diversity and evenness
values were higher at these two sites (app. D)/
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Benthic ecol ogy

Invertebrate community  structure--invertebrate abundance and conposi -
tion---is the result of the inherent physical, chenmical, and biological con-
ditions in Mddle and Lone Ceeks. The nost inportant physical factor is
climte, which affects the aquatic-riparian habitat to such an extent that
invertebrate density and taxa are characteristic of tenperate, rather than
subarctic streans. The climate is noderated by Cook Inlet and both streans
have a southern aspect and low gradient which raises water tenperature above
13°C during the sumrer. Streanflow is relatively stable because the ground
water contribution to streanflow exceeds 30 percent in both stream (ERT,
1984c).  Therefore, stream substrates probably do not freeze during winter,
and, because of stable streanbanks, |ow stream gradient, and stony sub-
strates, erosional processes are not significant.

The chenmical water quality of these streans jiggood. Dissolved oxygen
concentrations are consistently high. Suspended sedinent, trace netal, and
dissolved solid concentrations are quite low, and no concentrations are high
enough to inhibit the invertebrate community.

There is also an abundant and varied food supply in Mddle and Lone
O eeks. The wmajority of invertebrates present in these streans, especially
mayflies and nidges, feed on periphyton and organic detritus (Merritt and
Qummins, 1978). Blackflies strain fine particulate organic matter from the
water colum, and several stonefly taxa shred coarse organic matter such as
| eaves and grasses. Al though nost caddisflies collect detritus, limnephilid
caddisflies were observed scavenging salmon carcasses on the streanbed.
Thus, these taxa fill nore than one trophic level within the invertebrate
communi ty.

Simlarity in physical factors, water chemstry characteristics, and
aquatic-riparian habitat in Mddle and Lone GOeeks produce conparable inverte-
brate communities. There were, however, several najor habitat differences
anong sites (app. G). Habitats at the lower sites in both streans consisted
of runs with large substrate sizes, and shading from mxed conifer-deciduous
canopy. The upper sites and mddle site on Lone Ceek had simlar habitat
features: a riffle wth rubble-gravel substrate and shrub-grass riparian
veget ation. The mddle site in Mddle Greek was different fromall other
sites in that it had very shallow riffles, small gravel-size substrate, and
riparian vegetation consisting entirely of grasses. Athough only minor
differences in invertebrate community structure occurred anong sites, rela-
tively higher invertebrate densities and taxa nunbers at upper sites nay be a
result of stable ground water flow and optimal substrate size for invertebrate
col oni zati on.

Invertebrate abundance and conposition are appropriate variables for
deternmining the biological water quality of these streans. Both streams have
taxa typical of wunpolluted, cold-water streams with stony substrates (Hynes,
1974). Invertebrate density is relatively high but variable because substrate
size is variable anong sites. These relative high densities, wth noderate
bi omass and nunerous taxa, indicate a highly productive benthic invertebrate
comuni ty.



CONCLUSI ONS

Chemcal water quality is good and very simlar in Bishop, Capps, Mddle,
and Lone Oeeks, and the Chuitna River. These streans have high concentra-
tions of oxygen and low concentrations of dissolved solids, trace netals, and
nutrients. Lower Bishop Oeek has a slightly different ionic conmposition than
the other four streans, due to higher sodium and chloride ion concentrations.
The elevated concentrations of trace nmetals and nutrients during June in
Bishop and Capps Ceeks are the result of high streanflow, surface runoff, and
suspended sedinment | oad.

Biological water quality is good in Mddle and Lone Ceeks. The benthic
invertebrate conmunity is characterized by relatively high density, noderate
bi omass, and nunerous taxa. The representative taxa are typically found in
wel | - oxygenat ed, cl ear-wat er streans. Invertebrate conposition is dom nated
by chironomd mdges and blackflies. Athough aquatic habitat differences
produce invertebrate density differences anong sites, the invertebrate comu-
nity structure is simlar between streans.
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Appendix A Held variables and najor inorganic constituents of Beluga water-quality sanples
Streanflow,  Specific Silica, Oxygen,
instan- conduct ance Vit er di ssol ved Oxygen,  dissolved Cal ci um Magnesi um
t aneous (umhos pH tenperature 8i0 di ssol ved (percent di ssol ved di ssol ved
Ti ne (cfs) at 25°C) (units) (°C) (mg/%) (mg/1) saturation) (mg/1 as Ca) (mg/l as Mg)
Bi shop Creek
12-15-82 0935 15 33 7.30 -0.1 7.5 11.3 78 4.4 1.0
03- 30- 83 1230 13 61 6. 85 -0.1 14 12.2 86 5.9 1.3
06- 14- 83 0910 108 24 6.80 10.5 8.1 10.2 92 2.4 0.58
08- 24- 83 0940 28 60 7.25 10.1 1.4 11.8 100 5.5 1.3
12-07- 83 1115 493 50 6. 55 -0.2 14 15.2 100 4.6 0.95
03- 20- 84 0930 35 45 6.75 -0.1 13 13.3 91 4.4 0.94
Capps Creek
12-15-82 1225 8.8 48 6.90 0.5 6.9 12.4 88 4.9 1.2
03- 30- 83 1420 5.2 57 7.25 1.1 15 13.8 99 7.3 1.7
06- 14- 83 1110 157 10 5.85 5.0 7.1 12.0 96 2.1 0.44
08- 24- 83 1105 16 39 6. 95 8.2 1.4 12.5 100 5.6 1.2
12-07-83 1250 b 7.0 52 6. 65 -0.4 13 15.8 100 6.0 1.4
03- 20- 84 1100 12 53 7.05 0.1 15 15.2 100 6.3 1.5
Mddle Creek
12-16- 82 1225 6.9 59 7.60 0 13 12.7 88 5.0 1.7
03- 31-83 1410 4.3 77 6. 85 0.2 19 14.2 100 8.9 2.2
06- 14-83 1350 13 51 7.35 12.3 12 9.9 94 5.1 1.4
08- 24- 83 1220 9.7 64 6. 95 10.1 1.6 12.0 100 8.0 1.9
12-07-83 1535 9.4 55 6. 85 -0.3 14 15.9 100 6.4 1.7
03- 20- 84 1230 13 46 6. 85 -0.3 15 15. 4 100 5.4 1.4
Lone Creek
12-16- 82 1100 16 58 7.20 -1.0 12 12.9 89 4.1 1.4
03-31-83 1150 9.6 66 7.10 0 16 14.1 99 7.8 1.8
06- 14-83 1515 28 47 7.35 13.7 6.1 9.5 92 5.2 1.3
08- 24- 83 1320 20 65 7.25 1.1 0.95 11.6 100 8:0 1.7
12-07-83 1445 13 59 6. 85 -0.2 16 16. 3 100 6.6 1.5
03- 20- 84 1350 14 52 6. 90 -0.3 16 15.6 100 5.7 1.4
Chuitna River
12-16- 82 0900 €100 42 7.00 -1.0 26 12.5 86 2.9 1.1
03- 31-83 1100 €120 57 7.20 0.1 16 14.3 100 8.1 2.2
06- 14- 83 1700 470 21 7.30 11.3 1.7 10.9 100 2.5 0.66
08- 24- 83 1445 439 47 8.10 13.8 2.1 11.6 100 7.0 1.6
12-07- 83 1400 100 44 6.15 -0.3 16 15.9 100 5.8 1.5
03- 20- 84 1450 9300 43 7.10 -0.3 14 15.6 100 5.2 1.5
SEstimateonly, ice on probe head
U.S. Geological  Survey {3985, p. 180).
gv.s. Geological  Survey (1984, p. 159).
U.S. Gologica Survey (1985, p.  182)



Appendix A (con.)
Resi due,
Alkalinity, total
Sodi um Pot assi um Iron, Manganese, Chlori de, Fl uori de, bi carhbonate Sulfate, filtrable
di ssol ved di ssol ved di ssol ved di ssol ved di ssol ved di ssol ved (field) di ssol ved at 180°C
(mg/1 as Na) (mg/l as K) (mg/l as Fe) (mg/l as Mn) (mg/l as Cl) (mg/l as F) (mg/l as HCO,) (mg/1 as S0,) (mg/1)
Bi shop Creek
12-15-82 5.0 0.55 0.16 0.023 4.2 < 0.10 21 1.0 54
03- 30- 83 7.6 0.76 0.19 0.038 5.7 < 0.1 31 1.1 69
06- 14- 83 2.5 0.34 0.17 0.023 1.1 < 0.10 13.5 2 35
08- 24- 83 6.2 0.55 0.033 0.025 6.3 0.10 26 2.1 23
12-07-83 5.1 0.45 1.0 0.04 3.9 0.12 22 < 2 46
03- 20- 84 4.6 0.56 0.6 0.028 4.3 < 0.1 22.5 < 2 50
Capps Creek
12-15-82 2.5 0.57 0.088 0.022 < 10 < 0.10 31 2.0 49
03- 30- 83 3.6 0.63 0.23 0.035 < 10 < 0.1 36 1.5 63
06- 14- 83 0.97 0.37 0.20 0.054 < 10 < 0.10 10.5 2.2 27
08- 24- 83 2.2 0.41 0.020 0.078 <1l < 0.10 23.5 2.1 26
12-07-83 2.6 0.44 0.55 0.05 <1 0.10 42.5 3.8 39
03- 20- 84 2.8 0.53 0.2 0.046 1.8 < 0.1 29.5 <2 60
Mddle Creek
12-16-82 3.3 0.59 0.21 0.016 1.4 < 0.10 36.5 1.9 85
03-31-83 4.7 0.77 0.95 0.035 1.9 < 0.1 46 < 10 80
06- 14- 83 3.1 0.54 0.59 0.022 < 10 < 0.10 29 2 52
08- 24- 83 3.5 0.55 0.051 0.045 1.6 < 0.10 37.5 3.3 42
12-07-83 3.3 0.42 1.0 0.07 1.5 <0.1 31 < 2 41
03- 20- 84 3.1 0.51 0.7 0.002 1.9 < 0.1 21 <2 40
Lone Creek
12-16-82 4.0 0.74 0.25 0.023 2.4 < 0.10 35.5 1.8 56
03-31-83 4.4 0.89 0.19 0.042 2.8 < 01 40.5 < 10 1
06- 14- 83 3.0 0.60 0.61 0. 049 1.1 < 0.10 28 2.1 49
08- 24- 83 4.2 0. 64 0.035 0.054 2.4 < 0.10 34 3.3 48
12-07-83 4.4 0.55 1.2 0.08 2.2 < 01 32.5 <2 44
03- 20- 84 3.6 0.64 1.2 0.034 2.9 < 01 28 < 2 90
Chuitna River
12-16-82 2.0 0.40 0.21 0.012 2.4 < 0.10 33.5 < 10 47
03-31-83 4.1 0.71 0.26 0.013 1.4 < 0.1 39 1.6 84
06- 14- 83 1.5 0.32 0.10 0.009 < 10 < 0.10 14 2 33
08- 24- 83 2.8 0.46 0.087 < 0.02 1 < 0.10 30 2.9 34
12-07-83 3.2 0. 44 0.41 < 0.03 1.1 < 0.1 21 < 2 38
03- 20- 84 2.7 0.56 0.5 < 0.002 2.4 < 0.1 24.5 <2 100



4

Appendix B Mnor-elenent analysis of Beluga water-quality sanples.

Streanf| ow,
instan- Al um num Al umi num Ant i nony, Ant i mony, Arsenic, Arsenic, Bari um Barium
. taneous total di ssol ved total di ssol ved total di ssol ved total di ssol ved
Time (cfs) (ug/l as Al) (ug/i as Al) (ug/l as Sb) (ug/l as Sb) (ug/l as As) (ug/l as As) (ug/l as Ba) (ug/l as Bj

Bi shop Creek
03- 30- 83 1230 13 230 <2 <2 69
06- 14- 83 0910 108 2200 320 3 <2 4 <2 30 20
08- 24- 83 0940 a’8 < 60 <2 <2 420
12-07-83 1115 23 400 < 10 <2 20
03- 20- 84 0930 35 270 <5 <2 10
Capps Creek
03- 30- 83 1420 5.2 190 <2 <2 1
06- 14- 83 1110 157 12,000 300 9 <2 16 <2 140 20
08- 24- 83 1105 36 < 60 <2 <2 420
12-07-83 1250 b 7.0 400 < 10 <2 20
03- 20- 84 1100 12 190 <5 <2 30
Mddle Creek
03- 31-83 1410 4.3 58 <2 <2 45
06- 14- 83 1350 13 79 20 <2 <2 <2 <2 20 30
08- 24- 83 1220 9.7 < 60 <2 <2 420
12-07-83 1535 9.4 300 < 10 <2 < 10
03-20- 84 1230 13 60 <5 <2 10
Lone Creek
03-31-83 1150 9.6 52 <2 <2 53
06- 14- 83 [.515 28 75 41 <2 <2 < 2 <2 20 20
08- 24- 83 1320 20 < 60 <2 <2 420
12-07-83 1445 13 300 < 10 <2 10
03- 20- 84 1350 14 65 <5 <2 10
Chuitna River
03-31-83 1100 €110 120 <2 <2 45
06- 14- 83 1700 €470 300 41 <2 <2 <2 <2 10 20
08-24-83 1445 d139 < 60 <2 <2 420
12-07-83 1400 400 300 < 10 <2 < 10
03- 20- 84 1450 100 80 <5 <2 5

3pstimate only, ice on probe head.

b3 ol ogica  Survey (1985, p. 180g .
“0.S. Gological Survey (1984, p. 159).
du.s. Gl ogica Survey (1985, p. 182).



Appendix B (con.)

Beryllium  Beryllium Bor on, Bor on, Cadni um Cadni um Chromium  Chronium Copper, Copper,
total di ssol ved total di ssol ved total di ssol ved total di ssol ved total di ssol ved
(ug/l as Be) (ug/1 as Be) (ug/l as B) (ug/l as B) (ug/l as Cd) (ug/1 as Cd) (ug/t as Cr) (ug/l as Cr) (ug/1l as Cu) (ug/l as Cu)

Bi shop Creek
-83

03-30 <2 480 - < 0.5 - <4 - <5 -
06- 14- 83 < 0.2 < 0.2 70 50 < 0.5 < 0.5 <5 <5 <5 <5
08-24-83 <1 < 0.05 - < 0.5 - <5 - <5 -
12-07-83 <1 0.14 < 0.5 - <2 - <3 -
03-20- 84 < 0.2 < 50 - < 0.5 - <5 - <5 -
Capps Creek

03-30-83 < 2 74 - < 0.5 - <4 - <5 -
06- 14-83 < 0.2 < 0.2 170 70 < 0.5 < 0.5 14 <5 20 <5
08- 24-83 <1 < 0.05 - < 0.5 - <5 - <5 -
12-07- 83 <1 0.06 < 05 - < 2 - <3 -
03-20-84 < 0.2 < 50 < 0.5 - <5 - <5 -
Mddle Creek

03-31-83 <2 < 50 - < 0.5 - <4 <5 -
06- 14- 83 < 0.2 < 0.2 50 50 < 0.5 < 0.5 <5 <5 <5 g
08-24-83 <1 < 005 - < 0.5 - <5 - <5 -
12-07- 83 <1l 0.05 - < 0.5 - <2 <3 -
03-20- 84 < 0.2 < 50 - < 0.5 - <5 - <5 -
Lone Creek

03-31-83 <2 < 50 - < 0.5 - < 4 - <5 -
06- 14-83 < 0.2 < 0.2 50 50 < 0.5 < 0.5 <5 <S5 <5 <5
08- 24-83 <1 < 0.05 - < 0.5 <5 - <5 -
12-07-83 <1 0.07 - < 0.5 - <3 - 4 -
03-20- 84 < 0.2 < 5 - < 0.5 - <5 - <5 -
Chuitna River

03-31-83 <2 < 50 - < 0.5 - <4 - <5 -
06- 14- 83 < 0.2 < 0.2 < 5 < 50 < 0.5 < 0.5 <5 < <5 <5
08-24-83 <1 < 0.05 - < 0.5 - <5 <5 -
12-07- 83 <1 < 0.05 - < 05 - <2 - <3 -
03-20-84 < 0.2 < 50 < 0.5 ~ <5 <5 -

€Contaminationsuspect ed.



Appendix B (con.)

[ron, _lron, Lead, _Lead, Manganese, Manganese, Mercury, Mercury, Ni ckel , Ni ckel
total di ssol ved total di ssol ved total di ssol ved tota di ssol ved total di ssol ved

(ug/l as Fe) (ug/1 as Fe) (ug/l as Pb) (ug/l as Pb) (ug/1 as Mn) (ug/l as Mn) (ug/l as Hg) (ug/1 as Hg) (ug/1 as Ni) (ug/1 as Ni)

Bi shop Creek
-83

03-30 1300 <5 52 < 0.05 <5
06- 14- 83 2000 f13 <5 <5 60 25 < 0.05 < 0.05 <5
08- 24- 83 1200 1 99 < 0.05 <5
12-07-83 1000 <5 40 < 0.05 <5
03- 20- 84 770 < 2 30 0.5 <5
Capps Creek

03-30- 83 680 £ <5 43 < 0.05 <5
06- 14- 83 8800 98 <5 <5 280 35 0.1 < 0.05 15
08- 24- 83 2100 <2 190 < (.05 <5
12-07-83 550 <5 50 < 0.05 <5
03-20- 84 630 <2 53 < 0.5 <5
Mddl e Creek

03-31-83 1200 £ <5 44 < 0.05 5.7
06- 14- 83 670 130 13 <5 35 35 < 0.05 < 0.05 <5
08- 24- 83 1500 <2 66 < 0.05 <5
12-07-83 1000 <5 70 < 0.05 <5
03-20- 84 1000 <2 42 < 0.5 <5
Lone Creek

03-31-83 1200 £ <5 57 < 0.05 <5
06- 14- 83 1100 40 <5 <5 55 55 < 0.05 < 0.05 <5
08- 24- 83 1700 < 2 84 < 0.05 <5
12-07- 83 1200 <5 80 < 0.05 <5
03-20- 84 770 <2 60 0.5 <5
Chuitna River

03-31-83 930 £ <5 2?2 < 0.05 <5
06- 14- 83 500 170 <5 <5 35 15 < 0.05 < 0.05 <5
08- 24- 83 710 <2 <20 < 0.05 <5
12-07-83 410 <5 < 30 < 0.05 <5
03-20- 84 600 <2 22 0.5 <5

Flow values suspected. See Appendix A for dissolved iron values.



Appendix B (con.)

Selenium  Selenium  Silver,  Silver, Strontium  Strontium  Titanium  Titanium  Vanadium  Vanadium zZinc, zZinc,

t ot al di ssol ved total di ssol ved t ot al di ssol ved total di ssol ved t ot al di ssol ved t ot al di ssol ved
(ug/l as (ug/las (ug/l as (ug/1 as (ug/l as (ug/1 as (ug/las (ug/l as (ug/las (ug/l as (ug/l as (ug/l as

Se) Se) Ag) Ag) Sr) Sr) Ti) Ti) n V) Zn) Zn)
Bi shop Creek
03-30-83 < 4 < 2 220 < 5 < 10 4.8
06- 14-83 <2 <2 c2 < 2 70 65 140 < 2 < 10 < 10 9.3
08-24-83 <2 <2 150 < 100 < 10 5.5
12-07-83 <2 < 2 10 <2 < 10 4
03-20-84 < 2 <1 60 <2 < 10 6
Capps Creek
03-30-83 < 4 < 2 330 < 50 < 10 2.4
06- 14-83 <2 <2 < 2 < 2 170 70 840 < 2 30 < 10 78
08- 24-83 <2 <2 190 < 100 < 10 15
12-07-83 < 2 <2 20 < 2 <10 6
03-20-84 < 2 <1 70 50 < 10 30
Mddle Creek
03-31-83 < 4 < 2 260 < 50 < 10 3.4
06- 14- 83 <2 < 2 <32 <2 80 80 < 2 <2 < 10 < 10 2
08-24-83 <2 <2 170 < 100 <10 <2
12-07-83 <2 < 2 20 <2 <10 4
03-20- 84 <2 <1 40 < 2 < 10 1
Lone Creek
03-31-83 < 4 <2 280 < 50 <10 <2
06-14-83 < ?2 <2 <2 <2 95 95 <2 <2 <10 < 10 10
08-24-83 <2 <2 170 < 100 <10 <2
12-07-83 <2 <2 10 < 20 < 10 4
03-20-84 <2 <1 60 <2 < 10 2
Chuitna River
03-31-83 <4 <2 260 < 50 <10 <2
06- 14-83 <2 <2 <2 < 2 60 50 <2 < 20 <10 < 10 <2
08-24-83 <2 <2 140 < 100 <10 <2
12-07-83 <2 <2 10 <2 10 5
03-20-84 <2 <1 60 <2 <10 5

©Contaminationsuspect ed.



Appendix C.  Nutrient analysis of Beluga water-quality sanples.

Phosphor us,
N trogen, N trogen, N trogen, Phosphor us, filterable
Streanfl ow, amonia + NO, + NO anmoni a Phosphor us, total reactive reactive
i nstantaneous organic total d'r.zfsol ve a di ssol ved total (di ssol ved) (ortho,dissolved)
Dat e Ti me (cfs) (mg/1 as N) (mg/1 as N) (mg/1 as N) (mg/1 as P) (mg/1 as P) (mg/1 as P)

Bi shop Creek
12-15-82 0935 15 a 0.223 0.023 0.031 0.014 0.012
03-30- 83 1230 13 0.10 0.177 0. 030 0. 029 0. 005 0. 005
06- 14- 83 0910 108 0.15 0.541 0.136 b5 024 0. 088 0. 044
08-24-83 0940 28 0.14 0. 056 0. 005 0. 060 0. 046 0. 029
03-20- 84 0930 35 0.17 0.172 0. 009 0. 025 0. 015 0. 009
Capps Creek
12-15-82 1225 8.8 a_ 0.333 0.016 0.034 0. 008 0. 008
03- 30- 83 1420 5.2 0.09 0.292 0. 005 0.016 0. 015 0. 015
06- 14- 83 1110 157 0.26 0. 475 0.033 0. 140 0. 040 0.030
08- 24-83 1105 c16 0.13 0.123 0. 007 0. 056 0. 005 0.004
03-20- 84 1100 12 0.13 0.351 0.011 0.019 0. 007 0. 008
Mddle Creek a
12-16- 82 1225 6.9 - 0. 092 0. 028 0.021 0. 022 0.019

o 03-31-83 1410 4.3 0.11 0.110 0.021 a0.031 0. 022 0.021

— 06-14-83 1350 13 a 0.034 0.012 0.010 0. 007

| 08-24-83 1220 9.7 0.19 0.013 0.012 0.019 0.016 0.017
03-20- 84 1230 13 0.21 0.049 0.014 0. 020 0.012 0.012
Lone Creek
12-16- 82 1100 16 0.11 0.185 0. 022 0.017 0.015 0.013
03-31-83 1150 9.6 0.11 0.130 0.017 0.019 0.011 0.010
06- 14- 83 1515 28 0.16 0.012 0.011 0. 021 0.011 0. 009
08-24-83 1320 20 0.20 0.025 0.011 0. 037 0.013 0.014
03-20- 84 1350 14 0.21 0.102 0.019 0.015 0.010 0.010
Chuitna River a a
12-16- 82 0900 d100 - 0. 208 0. 015 0.021 0.010 0. 009
03-31-83 I'lo0 d120 0. 07 0.171 0.013 0.023 0.011 0.012
06- 14- 83 1700 470 0.10 0.107 0.013 0. 029 0.010 0. 009
08-24-83 1445 139 0.14 0,023 0. 006 0.010 0. 005 0. 008
03- 20- 84 1450 €100 0.15 0.130 0. 005 0.018 0.011 0.011
Missing data.

Brroneous val ue suspected.

:;U.S. Geol ogi cal Survey (1985, p. 180).
o0 S CGeological Survey (1984, p. 159).
U.S. Ceological Survey (1985 p. 182).



Appendix  DI. Density (numbers/m2), nunber of taxa, diversity, and evenness of benthic invertebrates collected in Mdde Qeek,
Beluga coal area, June 15, 1983, FRoman numeral represents stratum sanple at  site.
Site
I Z )
Taxon i Il |V [ [ IV I 11 IV
Insecta
Ephemer opt era
Uni dentified
Epheneroptera 10 60 10 20 80 40 20 50 190 100 70
Baetis bicaudatus 60 50 180 80 140 480 120 150 70 20 20
Baetis (ricaudatus 110 110 260 100 800 1120 910 740 30 120 80 20
Baetis S]. 130 90 200 90 130 350 80 180 500 1050 430 50
Cinygmula Sp. 40 10 10
EphemerelTa doddsi 10 20 20 20 30 50
EphenmerelTa infrequens/
E_Tnerms  conpl ex 30 10 30 10 10
Unidentified
Hept ageni i dae 430 370 620 280 140 220 60 120 170 90 180 70
Pl ecoptera
Unidentified Plecoptera 10 10 20
Uni dentified
Chl oroper i dae 150 190 220 90 10 10 310 230 290 150
I'soperla__sp. . 10 10
o Um%ientlfled Per | odi dae 60
o Zapada Cinctipes 20 20 60 20 10 20
Zapada 0T €JONeNsi s 110 140 120 40 30 40 20 10 20
Trichoptera 10
Unidentified Trichoptera 10
Apatania  sp. 10 10 60
Brachycentrus sp. 70 20 400 60 20 30 10 60 100 80
G 0SS0S0Ma._ Sp. 30 60 20 40 40 50 10
Ochrofrichia  sp. 90 140 10 10 220 380 300 80
ONOCOSNMDECUS  Sp. 10 10 30
Unidentifred Limephilidae 50 10 30 20 150 70 160 30
Rhyacophi la vepul sa 30
RhyacophiTa_ sp. 40 60 70 20 10




Appendix DI (con.)
Site
i
Taxon [ [ [ IV | [ [l |V I [l |V
Dipiera
“Atherix sp. 10
Cheliferasp. 10 60 10 10 150 80 20 30 20
Unidentifred Chironomidae 3680 7810 6100 2690 6970 4460 4680 3570 2160 4130 4050 2980
Dicranota sp. 20 20 40 10 120 50 20 40 10 10 20
Palpomyia sp. 100 50 20 10 80 10 10
Prosimulium sp. 10 50 20 20 10 10
Unidentifred Sinuliidae 20
Smlium sp. 1440 840 31640 9220 4220 36540 1590 2630 1370 1470 3580 130
Hynmenopt er a
Unidentified Hymenoptera 10
Col | enbol a 10 20 20 30 10
Turbellaria 10 40 10 30 30 10
Nemat oda 90 10 30 100 70 140 30 10
Oigochaeta 50 30 40 30 830 530 20 40 10 20 10 20
Pel ecypoda 40 90 10 10
Arachni da
Acarina 550 1020 820 370 340 350 190 650 140 330 150 70
Crustacea
Ostracoda 10 10 10 20 90
Copepoda 10 60 10
Total nunmber of invertebrates/nf 7230 11140 41110 13330 14370 44510 8060 8330 5550 8330 9570 3720
Total nunber of taxa (based on
nunber of insect famlies and
other invertebrates) 19 18 17 21 16 18 16 14 19 19 17 12
Shannon-Weaver Diversity Index 2.40 1.73 1.23 1.50 2.09 1.02 1.84 2.03 2.59 231 2,11 1.34
Evenness 0.56 0.42 0.30 0.34 0.52 0.25 0.46 0.53 0.61 0.54 0.52 0.38




Appendix D2 Density (numbers/m2), nunber of taxa, diversity, and evenness of benthic invertebrates collected in Lone Qeek,
Beluga coal area, June 15, 1983 Roman  numera 1 epresents  stratum sanple at  site.
Site
Taxon [ I11 |V Il L] |V [ L1 |V
Insecta
Ephemer opt era
Uni dentified
Ephereropt era 10 10 10 40 40 70 20
Baetis bicaudat us 50 30 20 20 10 10 10 20 10
Baetis [ricaudatus 160 280 200 130 260 140 50 110 60 120 130
Baetis SP. 40 410 250 310 140 310 50 10 50 450 340 500
Ephenmerel la doddsi 50 40 10 20 50 20 10
Ephener el | ainfrequens/
E _inerms conplex 20 10 10 10 10
Unidentified
Hept ageni i dae 350 380 370 780 230 190 10 10 50 80 70 20
Plecoptera
Unidentified Plecoptera 20 30 20 20 10
Uni dentified
Chl oroper i dae 120 310 130 Zz{% 220 160 10 10 1%8 1?8 80 60
Isoperla__ sp.
w Uni dentifie% _ Perl odi dae 10 10 20
o Zapada_ clnctipes 20 10 20 30 10 10
Zapada _0regonensis 10 10
Trichoptera
Unidentified Trichoptera 20 10 20 10 20 10
Brachycentrus  sp. 60 30 30 20 10 10 30 10 120
@ ossosoma_ sp. 90 70 40 20 30 10 10
Cehrotrichra  sp, 30 100 130 300 930 1400
Onocosnoecus  sp. 10 60 10 10
Unidentified Limephilidae 30 20 20 80 30 10 10 10 50
Bhyacophila sp. 10 50 20 20
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Appendix D2 (con.)
Site
11
Taxon [ [ IV [ [ 11 |V | [ [ [V
Diptera " 20
Cheljfera sp. 20 20 20 20
Uni dent i fi edP Chironomi dae 9920 19830 11840 18180 11750 13380 18280 470 660 4130 3000 6230
Dicranota sp, 10 50 40 50 50 10 10 10 20 10
Palponyia  sp. 110 20 60 350 20 10 20 30 20 10
rericom_ sp. 20
Prosimulium sp_. .. 30 130 1060 50 10 60 20 70
unidentiited Sinuliidae 20
Simulium sp. 24470 32030 62110 8400 2670 6820 310 120 820 7760 6460 13830
Molophilus sp. 10
Col | enbol a 10 10 10
Turbellaria 70 10 10 10
Nermat oda 80 90 20 440 10 30 10 30 30 20
(i gochaeta 300 30 20 140 1720 100 480 10 10 20
Arachni da
Acarina 290 360 190 1180 240 50 80 10 50 240 180 260
Crustacea
Ostracoda 20 10 30 10 10 10 20 50
Copepoda 10
Total  nunber  of
i nvert ebrat es/ nf 36330 54260 76590 30460 15880 22930 19020 1160 2270 13460 11410 22860
Total nunber of taxa (based
on nunber of insect famlies
and other invertebrates) 20 19 18 17 16 13 14 11 17 18 15 16
Shannon-\Weaver Diversity Index 1.30 1.29 0.82 1.69 1.32 1.54 0.33 1.91 2.71 1.65 1.75 1.57
Evenness 0.30 0.30 0.20 0.41 0.33 0.42 0.09 55 0.66 0.40 0.45 0.39




Appendix D-3.  Density (numbers/m2), nunber of taxa, diversity, and evenness of benthic invertebrates collected in Mdde Qeek
Beluga coal area, August 25, 1983, FRoman nuneral  represents stratum sanple at  site.

Site
1 i 5
Taxon [ [11 |V [ [ |V [ Il |V
Insecta
Ephereropt era
Baetis hicaudatus 10 160 30 10
Baetis _ (I1caudaius 10 10 10
Baetis SP. 1110 3220 2640 2530 1560 3390 4070 1360 510 1000 440 360
Cinygmula sp. 10 10 10
Ephemerella doddsi 10 10 60 20 10 40 30 10
EphenerelTa_ infrequens/
E _nerms conprex 40 20 130 140 30 20
UnidentifiedHept ageni i dae 1660 2270 2770 2840 400 580 380 120 110 240 1010 1580
Unidentified Siphlonuridae 40 40 10 40 10 10 10 60
Pl ecoptera
Unidentified Capniidae 480 1580 2140 1700 910 880 1340 510 30 240 280 640
Unidentified
I Chl olroperl i dae 100 %8 Eé% 50 50 40 38 130
soperla__ sp.
Uni dentifie% Per| odi dae 10 10 30
Swala  sp. 10 20 10 20 10 20
Zapada cCinctipes 680 1320 1180 920 900 1830 660 240 80 1?5% S?i% 150
Zapada _Or egonensis 10 10 40 10
Zapada SP: 180 530 230 400 0 20 10 0 40
Trichoptera
Apatania sp. 10 20 30 30 130 210
Br a;:_hycentrus sp. 280 130 170 120 0 10 30 40 2 %8 100 50
Ecclisomyia sp.
G ossosoma Sp-p 760 670 640 710 70 190 110 130 110 380 170 110
Unidentified Lirmephilidae 20 20 20 10 20 30 20 20

Rhyacophila vepul sa 50 100 90 10 10
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Appendix D3 (con.)
Sizte
Taxon [ [ [l |V [ [ [ |V | [ L1 [V
DIprera
Chelifera sp. 10 10 10 10 10 60 30
Unidentified Chironomidae 5330 7020 12420 5810 7610 5970 10050 12060 350 1230 980 2740
Dicranota sp. 190 60 120 140 410 500 440 210 30 40 50 20
Hesperoconopa
Palpomyia sp. faums 210 120 210 350 260 140 230 40 (] i 50
Pericome_SPp = 620 680 1130 1320 300 40 30 110 10 370 750
Onidentified Sinuliidae 10
Simulium Sp. 10 160 60 70 20 10 10 20
Uni dentifiedTipulidae 10
Tipua sp. 10 20
Hynmenopt er a
Uni dentified Hymenoptera 10 10
Col | embol a 10
Turbellaria 100 280 310 110 30 10 30 30 40 150 50
Nemat oda 40 40 30 10 10
Oigochaeta 90 50 70 610 1260 370 150 210 110 160 960 1530
Pel ecypoda 110 10 10 70 40
Cast ropoda
Arachni da
Acarina 490 560 670 180 680 660 530 640 70 170 90 330
Crustacea
10
Osadaceda 60 130 640 210 a0 40 50 40 80 180 110 360
Copepoda 20 20 10 150 400 30 70 40 10 10 10 10
Total  nunber  of
i nvertebrates/nt 12550 19110 25760 18420 15310 14890 18440 16160 1630 4270 5280 9130
Total nunber of taxa (based on
nunber of insect famlies and
other invertebrates) 25 23 24 23 22 20 23 22 16 21 21 23
Shannon-\Weaver Diversity Index  2.97 2.92 2.70 3.12 2.74  2.64 2.19 1.64 3.17  3.11 3.36 3.12
Evenness 0. 64 0.65 0.59 0.69 0.61 0.61 0.48 0.37 0.79 0.71 0.77 0.69




Appendix D4 Density (numbers/m?), nunber of taxa, diversity, and evemness of benthic invertebrates collected in Lone Qreek,
Beluga coal area, August 25, 1863 Ronan nuneral represents stratum sanple at  site.

Site
T 8 11
Taxon I I |V [ [ |V [ [l IV
Insecta
Ephereropt era
Baetis bicaudatus 10 50 30 30 30 10
Baetis (ricaudatus 20 20 30 10 30
Baetis Sp. 2750 2680 4810 2140 3230 2800 1170 3690 260 470 590 270
EpEorus  sp. 10
Ephenerel la doddsi 40 20 40 160 90 30 50 250 280 130
EphenerelTa infrequens/
E 40 10 10 10 20 60 60 20 30
Unidentified Heptageniidae 1890 2170 810 450 480 1010 320 270 290 460 220
Rhi throgena sp. . 10 10 40 110 10
ondentrfied  Siphlonuridae 20 20 10 10
Pl ecoptera
Unidentified Capniidae 1100 1400 420 310 880 700 400 180 60 140 150 220
Uni dentified
Chl oroperl i dae 20 80 70 120 80 180 90 10 30 70 80 30
I'soperla  sp. 120 40 50
Unidentified Perlodidae 10 10 40 30 40 90 20 30
Swala  sp. 20 10 10
Taenionema SP. 10 10 10 10 10
Zapada cinctipes 2490 900 480 660 350 400 70 160 6G 740 440 350
ZapadaOnensi s 10 40 10 10 20 10 20
Zapada SP. 370 110 130 190 20 20 40 10 40
Trichoptera
Apatania  sp. 20 50
Brachycentrus sp. 460 130 560 210 128 110 110 30 190 70 110
. 10 60 60
G 0SS0S0M_ sp. . 670 330 760 1150 110 380 50 300 10 1530 870 140
Onidentified Limephilidae 60 10 10 20 10 20 30 10 20
Onocosmoecus  sp. 10
Psycho ha_ sp. 10
Rh%m%ﬁ?ipa_spp 10




Appendix D4 (con.)
Site
8 TT
Taxon [ [ Il |V [ [ I |V [ i [ |V
Diptera
Chelifera sp. 20 10 30 10
Unidentified Chirononmidae 9020 14480 3620 3700 3250 1380 340 530 130 350 680 700
Dicranota sp. 210 210 120 130 290 160 190 230 20 20 60 20
Palponyia sp. 90 30 30 90 60 30 10 30 20
Pericoma_sp. .. 1800 2930 2910 1900 1250 480 140 60 760 420 50
Unirdentified Sinuliidae 10
Simulium sp. 30 50 10 40 40 20 40 20
Unidentified Tipulidae 20
Sipum . 10
Hymenoptera
Unidentified Hymenoptera 10 10
Col | enbol a 10 10 10
Turbel laria 230 40 30 70 20 20 90 90 40 40 610 170
Nenat oda 20 20 120 20 10 220 920 10
O'igochaeta 40 270 170 140 750 80 370 60 120 1070 390
Pel ecypoda 10 10
Arachni da
Acarina 1100 550 430 450 410 150 70 40 30 220 80 100
Crustacea
Cl adocera 60 40 40 30 10 20 80
Ostracoda 130 130 80 40 80 50 20 20 20 40 40 10
Copepoda 20 30 70 10 50 30 10
Total  nunber  of
i nvertebrates/ nf 22820 26560 15690 12090 11890 8270 3690 7040 910 5730 6190 3140
Total nunber of taxa (based on
nunber of insect famlies and
other invertebrates) 23 21 22 23 24 23 18 22 19 22 21 22
Shannon-Weaver Diversity Index  2.93 2.35 2.88 . 310 3.11 329 2.61 3.51 3.50 3.55 3.60
Evenness 0. 65 0.53 0. 65 0.69 0.68 0.69 0.79 0.59 0.83 0.78 0.81 0.81




Appendix D5 Density (numbers/m2), nunber of taxa, diversity, and evemness of benthic invertebrates collected in Mdde Qeek
Beluga coal area, June 14, 1984 FRoman nuneral  represents stratum sanple at  site.
Site
T Z 5
Taxon I I IV [ [ |V Il [ IV
Insecta
Ephereropt era
Uni dentified
Epheneroptera 50 50 20 130 80 50 30 180 330 120 60
Baetis bicaudatus 70 ;?8 80 100 10 30 40 10 320 1050 260 20
Baetis tTTCaudatus 10 150 70 120 110 200 50 110 140 150 130
Baetis 55— 10 60 40 100 30 730 130 10 150
Eptemerella  doddsi 50 20 130 10
Ephener el Tainfrequens. / 20
L 1erms  complex
UnidentifiedHe%pt)agenl i dae 460 230 830 460 230 10 330 340 310 160
Pl ecoptera
Unidentified Plecontera 10
Uni dentified
Chloroperlidae 80 70 320 190 10 20 130 100 110 190
Isoperlasp. ) 10
‘Om‘an‘ITT[ ed Perlodidae 10 10 30 10 60 10
\ Zapada cinctipes 30 10 10
L Zapada 0T €JONENSi S 60 10 20 50
=3 ,
Trichoptera )
' Unidentified Trichoptera 100 70 50 150 20 10 70
Apatania sp. 20 90 10
trus sp. 70 50 60 40 40 10
OTE 5. 80 70 70 80 300 270 80 10
GfrotTiThra ~5p, 10 10 340 570 420 760
GTOCOSTOECTS  sp, 40 20 20
Li mephi | i dae 20 20 40 150 80 670 90 60 30 90
Bhyacophila vepulsa 30 10
BhyacophiTa Sp. 10
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Appendix D5 (con.)
Site
2
Taxon I 11 v I I [ |V I [ 1 |V
Dprera 10
Chelifera sp. 360 30 50 3260 20
Unidentified Chironomidae 2640 1620 3920 4520 12630 6670 11090 5470 4010 3650 7270
Dicranota sp. 50 10 90 60 190 160 60 10 30 30
Dixa Sp. 10
Palpomyia 290 40 60 240 240 30 30 10 10 250
Prositosimulitin 20 10
Si%;_um?_,sp- o 3260 1910 8560 5210 710 280 5820 330 180 120 20 10
hidentified Tipulidae 10
Hynmenopt er a
Unidentified Hymenoptera 30 10 10
Turbellaria 30 40 10 30 60 30 10 40
Nermat oda 10 20 20 240 110 50 60 10
Oi gochaeta 420 70 30 570 340 870 140 640 130 20 140 790
Pel ecypoda 130 20 80
Gast ropoda 10
Arachni da
Acarina 110 100 50 340 270 140 320 30 70 240 250 680
Crustacea
Cladocera 50 40 10 10 30
Ostracoda 10 20 10 40 220 20 10 50 120 40 100
Copepoda 10 20 30 10 40 30
Total  nunber  of
i nvert ebrat es/ nf 7880 4460 14520 12350 15970 8750 18470 7640 6480 7690 5610 10840
Total number of taxa (based on
nunber of insect famlies and
other invertebrates) 19 17 18 19 17 15 15 15 19 17 16 15
Shannon-\Weaver Diversity Index 2.35 2.19 1.70 2. 117 1.42  1.42 1.46 1.53 2.48 2.30 1.90 1.86
Evenness 0.55 0.54 0.41 51 0.35 0.36 0.37 0.39 0.58 0.56 0.48 0.48




Appendix D6. Density (numbers/m2), nunber of taxa, diversity, and evenness of benthic invertebrates collected in Lone Qeek
Beluga coal area, June 14, 1984, FRonan nuneral represents stratum sanple at  site.
Site
7 8 11
Taxon I I |V Il I |V I I |V
Insecta
Epheneroptera
Uni dentified
Epheneroptera 40 10 10 10 30 30 30 280 520 120 180
Baetis hicaudatus 250 320 160 360 670 80 190 200 1500 1360 320
Baetis tricaldarus 40 130 140 70 30 20 80 260 240 150 190
Baetis . 30 50 20 130 30 30 130 310 1290 120 190
Eﬁmxg_ﬂ_lmzlg sP., 10 30 60
peo P .
Ephemerella dodosi 40 10 10 20 30 70 30 50
Ephemerella infrequens/
E. inermis comple¥ 10 10 10 10 10
UnidentifiedHept ageniidae 740 790 410 520 40 90 150 40 210 260 210 100
Plecoptera
Unidentified Plecoptera 10 10
Unidentified Capniidae 10 10
Uni dentified
1 Chl oroper | i dae 150 480 260 120 470 250 390 130 180 510 300 100
20 50 20 10 10 20 10
& OnrdemTrTed 1 soperla sp. Perl odi dae 30 20 40 40 40 20 30 20 30
\ Zapada Oregonensis 40 20 30 10 10 10
Trichoptera ,
Unidentified Trichoptera 10 20 10 130 50 10 10
Brachycentrus sp. 40 30 30 10 10 40 70 70 30 80
Glossosoma §p. 260 350 60 20 90 70 70 260 10 40 10
ichia sp. 10 10 250 950 660 240
sp. 20 20 60
Psychoglypha Sp o 20
onfdentTfred Li mephilidae 10 30 10 160 420 30 10 10

Bhyacophila sp.

10




Appendix D6  (con.)
Site
8 11
Taxon I Il |V [ [ [ v I [ [ |V
~ Diptera
Chelifera Sp. ) 10 10 10 20
Unidentified Chirononidae 4790 7710 5640 8380 7850 8800 13250 8410 3310 4680 3320 7040
?al"pb%fa Sp. 60 20 40 40 20 30 30 60 40 10
rosi S1ium 170 50 N (] 10 2 10 10 10 20 10 40
sp.
Simulium Sp. 12770 8680 34050 3970 2570 16120 570 330 1610 910 1420 1440
Hymenoptera
Unidentified Hymenoptera 10 10
Col | emhol a 10
Turbellaria 70 10 10 60 10 50 20 50 20
30
feigbotaet a 280 90 10 40 920 430 560 520 20 310 30 30
Pel ecypoda 10 30 20
Arachni da
Acarina 180 110 70 230 20 20 250 130 280 180 90 190
Crustacea
C adocera 110 160 10 40
Ostracoda 20 10 20 10 20 10 30 80 60 80
Copepoda 20 80 40 20 10
Total  nunber  of
i nvertebrates/nt 20230 19000 41190 13780 12800 26850 16050 10860 7540 11920 8000 10460
Total nunber of taxa (based on
nunber of insect fanmlies and
other invertebrates) 17 20 18 16 16 15 19 19 22 19 16 21
Shannon-\Weaver Diversity Index 1.72 1.83 0.90 1.58 1.82 1.41 1.19 1.47 2,59 2.55 2,38 1.75
Evenness 0.42 0.42 0.22 0.39 0.45 0.36 0.35 0.58 0.60 0.59 0.40




Appendix D-7. Density (nunbers/n¥), nunber of taxa, diversity, and evemess of benthic invertebrates collected in Mddle Qeek
Beluga coal ‘area, August 29, 1984, FRoman nuneral represents stratum sanple at  site.
Site
A 9
Taxon [ [ |V [ [ I |V [ i [ |V
Insecta
Ephener opt era
Baetis  sp. 570 710 320 70 430 630 340 230 280 500 560 210
Cinygma sp. 10 10
Ephenerel [a _doddsi 30 20 70 200 80 20
EphenerelTa infrequens/
E _inerms _ conplex 20 10 10 10 40 20
UnidentifiedBent gegniidae 250 390 200 100 180 480 550 120 560 1230 750 1010
Rhi t hrogena sp. 60 20 10 10
Unidentiired gphl onuri dae 10 20 10 10 40 10
Plecoptera
Unidentified Plecoptera 10
Unidentified Capniidae 380 1450 420 790 540 600 480 490 120 190 180 770
Uni dentified
Chl oroperl i dae 90 70 10 90 20 50 80 10 100
I'soperla  sp. 10 20 10
onrdentified Perlodi dae 10
[ Skwal & ep. 40 30 10
~ Zapada cinctipes 90 60 110 40 310 530 310 10 30 328 870 170
o Zapada Oregonensis 20
| Zapada 3. 40 40 40 10 20 20 40 20
Tri choptera
Unidentified Trichoptera 20 10 10 40 10 20 10
Apatania  sp. 10 10 10 350 240 80 90
Brachycentrus sp. 10 20 20 20 10 190 310 140
ECClTTsonyia sp. 60 70 20 30 40 100 10
G 0SS0S0Ma._ sp. 800 620 480 280 100 40 40 30 1560 3620 1030 740
Arctopsydne 3p. 10 10 10
Psychog%ypﬁa sp. 10 10
UnidentIi1ed Limnephil.idae 30 30 30 20 30 10 10 30 140
Rhyacophi | a vepulsa 10 10 50 10
RhyacophiTa Sp. 10 10 10
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Appendix D7 (con.)
Site
i
Taxon | [ I |V [ [ 11 |V [ [ [l LV
Dipfera
Chelifera sp. 10 10 230 40 20 20 30 120 10
Unidentified Chirononidae 2300 5170 1880 2430 9900 15980 8770 7230 1980 2890 1480 1140
Dicranota  sp. 30 70 10 190 280 250 170 80 120 20 10
Héspéroeonopa SP. 10 30 10
Palpomyia sp. 440 220 130 290 1740 1610 430 90 20 30 10 280
Pericoma _ sp. 100 260 230 120 1120 1560 970 140 440 2020 200 400
Prosimulium SP. 10 10
Simuliumsp. 130 60 40 20 10 10 10
Tipula SP. 30
Hynenopt era
Unidentified Hymenoptera 10 10 20 10
Col | enbol a 20 30
Turbel laria 50 120 20 10 20 60 60 240 30
Nerat oda 50 10 320 20 30 10
0 igochaeta 260 240 50 80 2170 140 250 40 90 130 180 320
Pel ecypoda 620 50 30
Gast ropoda 20 10 10
Arachni da
Acarina 760 670 450 30 550 790 390 580 240 610 70 40
Crustacea
Cl adocera 80 10 40 10 40 130 80 20 100
Ostracoda 70 380 20 20 480 130 110 350 390 280 20 60
Copepoda 180 100 100 910 220 50 20 130 10 40
Total  nunber  of
i nvertebrat es/ nf 6730 10740 4610 4660 18470 23400 13230 9770 6660 13080 6350 5530
Total nunber of taxa (based on
nunber of insect famlies and
other invertebrates) 20 22 19 21 22 18 24 22 27 26 24 20
Shannon-Weaver Diversity Index  3.28 2.77 2.99 2.54 2.72  1.95 2.11 171 3.29 3.16 3.39  3.32
Evenness 0.76 0.62 0.70 0.58 0.61 0.47 0.46 0.38 0.69 0.67 0.74 0.77




Appendix D8 Density (nunbers/nf), nunber of taxa, diversity, and evenness of benthic invertebrates collected in Lone Qreek,
Beluga coal area, August 29, 1984, Roman numeral  represents stratum sanple at  site.

Site
7 g 11
Taxon | I [l IV [ I I11 |V [ I 11 |V
Insecta
Epherrer opt era
Baetis sp. 900 790 360 280 470 660 590 150 130 350 420 270
Cinygma sp. ] 20 40 10 20
'Ep"'ﬁxgm_emereuadoddm 20 40 40 70 100 0
Ephemerella infrequens/ 20
E. imcemic complex 10 10 10 30 30 20
Unidentified Heptageniidae 380 560 510 470 180 790 30 80 540 190 230 190
Rhi throgena  sp.. _ 10 40 40 50 10
onfdentTfied  Siphl onuridae 20 10 10 10 20
Plecoptera .
Uni ((1jent|ff|e((;1j Capni i dae 790 1360 730 630 1000 2230 90 210 920 40 110 580
Uni dentifie
Chl oroper i dae 20 160 120 170 100 140 30 200 70 90 70
Isoperla  sp. 20 10 10 20 10 30 30
preronarcella badia 10 10 10
Skwara sp. 10 10 30
Zapada Cinctipes 890 400 110 170 60 330 10 40 270 540 130 60
Zapada 0T €JONENSi S 10 20 10
Zapada SP. 120 30 20 20 10 20
Trichoptera
Apatania sp. 20 20 50 100 20 930 310
trus sp. 120 40 40 170 20 50 40 10 20 40 80
Ecclisomyia sp. 10 20
mmLa_sp. 270 440 470 660 200 840 1180 630 380 140 420 30

FSyChOgLiypna
Unidentifnldehtmﬁiﬁﬂlidae 20 30 ny 10 10 10




Appendix D8  (con.)
Site
Taxon [ [ [ |V Il [ |V [ [ [l Y%
" Diptera
"Chelifera sp. 10 10 10 20 50 40 20
Unidentified Chironomidae 4950 21550 10640 15560 1240 3540 830 1900 1890 380 1440 770
Dicranota sp. 220 230 170 440 240 250 70 50 380 80 260 10
Palpomyia sp. 680 390 330 490 200 180 20 10 120
Pericoma ‘sp. 1390 2180 2650 1610 120 1060 10 30 2310 150 760 210
Simulium SP- 60 120 60 30 20 20 40
Col | enbol a 10 10 10 10
Turbellaria 60 40 120 40 40 60 80 20 20 90
Nemat oda 1160 70 20 20 10 270 190 300 20
O'igochaeta 320 40 40 60 290 510 210 180 330 40 840
Pel ecypoda 10 10 10 10 10
Arachni da
Acarina 880 1020 500 800 130 470 150 400 530 140 370 90
Crustacea
O adocera 70 30 40 50 20 110 30 10 70 80 120 80
Ostracoda 330 300 60 500 90 210 10 460 190 160 170
Copepoda 40 710 40 40 20 60 20 120 30 10 40
Total  nunber  of
i nvertebrates/nf 13740 30570 17160 22380 4460 11600 4560 4340 8880 2720 5230 3710
Total number of taxa (based on
nunber of insect famlies and
other invertebrates) 23 24 22 24 19 23 18 19 25 22 25 20
Shannon-Weaver  Diversity Index  3.28 1.91 2.14 1.98 3.25  3.25 2.99 2.84 3.38 3.74 3.56 3.36
Evenness 0.72 0.42 0.48 0.43 0.76 0.73 0.72 0.67 0.73 0.84 0.77 0.78




Appendix E. Three-factor analysis of variance table, where the variable is benthic-invertebrate abundance
(in nunbers/nmf) during June and August 1983 and 1984, Mddle and Lone Oreeks, Beluga coal area, Al aska.
The nunber of sanples used in this analysis = 96.

Degrees of Sum of Mean sum of Cal cul at ed

Source of variation freedom squar es squar es F Oitical F? Concl usi on
stream | 0. 038 0. 038 0. 587 FO.05[1,72] _ 4.00 Accept Ho
site 2 3.023 1.511 23. 182 Fo.0512,721 = >*1°  Reject o
date 3 0. 607 0. 202 3. 106 F0.05[3,72] = 2.76 Rej ect HO
stream X site 2 1. 299 0. 649 9. 963 Fo.0512,721 = 312 Reject H_
stream X date 3 0.536 0.179 2.742 F0.05[3,72] - 2.76 Accept H0
[ . . . 2.

site X date 6 0.718 0.120 1.836 F0.05[6,72] _ 25 Accept I-I0
stream X site X date 6 0. 361 0. 060 0.923 Fo.0506,72] = 222 Accept H_

&There are no critical values for v, = 72, so the values for the next |owest degrees of freedom v, = 60,

were used. 2



Appendix ~ F. Vet-weight biomass (g/m2?) of benthic invertebrates collected from sites in Mdde
and Lone Qeeks, Beluga coal area, during June and August 1983 and 1984 Bionass is  sumed
for each stream site and nonth. Roman nuneral  represents stratum sanple at  site.

Vit -wei ght  Biomass (g/m?)
Mddle Creek Lone Creek
site site

Mont h Sanpl e 1 2 5 1 8 11

June | 6.73 12. 45 6.94 18.71 14.12 5. 36

1983 [l 8.17 16. 61 5.28 21.21 31.05 11. 45

[11 18. 75 6. 87 11.99 40. 88 19. 46 7.99
|V 9.78 8.78 4,13 24. 69 6. 04 18.73

L 43,43 44,71 28. 34 116. 48 105. 49 70. 67 43.53  219.69
August | 9.40 7.41 3.13 14,01 10. 64 3.08
1983 [l 9.41 10.73 6.31 8.79 11.01 21.78
[11 9.90 8.81 7.08 14. 77 7.35 11.13
|V 7.78 11. 32 8.25 8.64 15. 25 5.90

I 36.49 38. 27 24.77 99.53 46.21 44.25 41,89 132.35
June | 9.89 13. 41 1.717 17.11 17.60 9.99
1984 [l 5. 62 11.57 14. 47 20. 49 26.09 13. 17
[11 12.77 11.25 6. 47 23. 67 16.81 10. 05
v .51 7.83 5.83 10. 95 21. 61 12.74

T 35.79 44,06 34.54 114. 39 72.22 82.11 45.95  200.28
August | 10. 11 6. 84 8. 46 6. 07 5.40 9.11
1984 [ 8.41 8.88 12.72 8.25 12.08 4.86
[11 7.18 5.51 7.73 8.20 10.51 6.96
v 6. 24 3.79 4,59 9.03 6.65 3.78

T 31.94 25.02 33.50 90. 46 31.55 34. 64 24,71 90.90

T 147.65 152.06  121.15 420. 86 255.47  231.67  156.08  643.22
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Appendix  GI. Hebitat parameters at  benthic-invertebrate sanpling sites, June 15 1983,  Roman
nuneral  represents stratum at  site.
Mddl e Creek
Site
1 2 5
Time 1250 1140 1021
Water tenperature (°C) 10.3 10. 6 10.4
Sream wdth (m) 2.4 3.7 3.7
Riparian habitat (%)
Conifers 10
Deci duous trees 40
Shrubs/ brush 20 40
G asses 80 100 10
Benthos Collection Point | [ I v | [ I v I [ v
Stream Substrate conposition (%)
Boul der - .
Rubbl e 20 50 40 40 60 70 40 70
Gravel 80 50 60 50 80 90 60 80 40 30 60 30
Sand/ si | t 10 20 10 40 20 - -
Véter depth (m) 0.05 0.05 0.06 0.06 0.05 0.03 0.15 0.17 0.21 0.21 0.09 0.09
Véter velocity (m/sec) 0.44 0.41 0.41 0.49 0.24 82- 0.50 0.42 0.77 0.52 0.18 0.19
Lone Creek
Site
1 8 11
Time 1417 1602 0905
Water tenperature (°C) 10.2 12.8 10.5
Sream wdth (m) 4.9 5.5 5.0
Riparian habitat (%)
Conifers 10
Deci duous trees 10 30
Shrubs/ brush 60 70 60
Grasses 40 20
Benthos Collection Point | N I v [ It v [ v
Stream substrate conposition (%)
Boul der - -
Rubbl e 50 70 70 40 40 45 60
Gravel 40 30 30 60 80 70 80 100 90 60 45 40
Sand/ si | t 10 = 20 30 20 - 10 - 10 -
Véter depth (m) 0.12 0.09 0.11 0.09 0.12 0.09 0.09 0.15 0.09 0.21 0.27 0.21
Véter velocity (m/sec) 0.66 0.40 0.52 0.25 0.39 0.23 0.76 0.07 0.29 0.84 0.66 0.84

8Missingdat a.



Appendix G2 Hebitat parameters at  benthic-invertebrate sanpling sites, August 25  1983.  Roman
nuneral  represents stratum at  site.
Mddle Creek _
Site
1 2 5
Time 1318 1210 1046
Vater tenperature (°C) 8.8 8.7 7.8
Sream width (m) 2.4 3.3 3.7
Riparian habitat (%)
Conifers 10
Deci duous trees 40
Shrubs/ brush 30
Grasses 100 100 20
Benthos Collection Point | I v | 11 v | I v
Stream substrate composition (%)
Boul der 80 50 50
Rubblle 30 30 . - . - » 70 - 30 25
C po 0D ;om0 20 %
Véter depth (m) 0.06 0.06 0.06 0.03 0.03 0.03 0.08 0.21 0.24 0.21 008 0.08
Véter velocity (m/sec) 0.15 0.26 0.29 0.12 0.17 0.19 0.41 0.40 0.41 0.27 018 0.10
Lone Creek ,
Site
1 8 11
Ti ne 1455 1616 0910
VWater tenperature (°C) 11.0 11.3 a.?2
Sream wdth (m) 4,3 5.2 4.9
Riparian habitat (%)
Conifers 10
Deci duous trees 10 10 20
Shrubs/ brush 70 70 70
Grass 20 20
Benthos Collection Point | [ e v [ e v I RN ERY
Stream substrate conposition (%)
Boul der 50 - 30 -~ - -
Rubbl e 40 40 20 40 20 40 70 80 100 90
G avel 60 50 60 90 70 60 30 100 20 =~ -
Sand/ si |t 10 - 10 10 - - . -
Véter depth (m) 0.09 0.09 0.11 0.09 0.09 0.03 0.06 0.09 0.10 0.18 0.18 0.13
Véter velocity (m/sec) 0.38 0.24 0.41 0.48 0.59 0.48 0.44 0.76 0.59 0.87 0.48 0.24
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Appendix  G3. Habitat parameters at  benthic-invertebrate sanpling sites, June 14, 1984 Ronan
nuneral  represents  stratum at  site.
Mddle Creek _
Site
1 2 5
Time 1145 1050 0944
Water tenperature (°C) 11.1 10.6 9.9
Sream wdth (m) 2.4 3.0 4.9
Riparian habitat (%)
Conifers - 10
Deci duous trees - 50
Shrubs/ brush 50 30
Grasses 50 100 10
Benthos Collection Point | I e v Il e v I v
Stream substrate composition (%)
Boul der 90 -
Rubbl e 40 60 30 50 100 40 80 90 10 70
G avel 60 40 70 50 50 50 - - 20 10 - 30
Sand/ si | t 50 50 - 60 - -
VWter depth (m) 0.08 0.08 0.08 0.06 0.15 0.14 0.08 0.05 0.27 0.15 0.14 0.09
VWiter velocity (m/sec) 0.34 0.30 0.40 0.49 0.34 0.12 0.37 0.24 0.43 0.55 0.21 0.12
Lone Creek
Site
1 8 1
Time 1230 1330 0840
VWater tenperature (°C) 12.0 12. 4 10. 2
Sream wdth (m) 4.9 3.7 6.1
Riparian habitat (%)
Conifers
Deci duous trees 20 80
Shrubs/ brush 70 70 20
Grass 30 10
Benthos Collection Point | [ It v [ It 1v [ v
Stream substrate conposition (%)
Boul der - - - - -
Rubbl e 80 90 70 50 50 - 40 40 90 100 90
G avel 20 10 30 80 40 40 100 40 40 10 - 10
Sand/ si | t 20 10 10 - 20 20 - - -
Vdter depth (m) 0.08 0.11 0.09 0.18 0.15 0.18 0.18 0.14 0.18 0.18 0.24 0.12
Véter velocity {(m/sec) 0.34 0.21 0.55 0.34 0.52 0.58 0.43 0.34 0.43 0.52 0.61 0.43

u48-



Appendix G4, Habitat parameters at  benthic-invertebrate sampling sites, August 29, 1984  Roman
nuneral  represents  stratum at  site.
Mddl e Creek
Site
1 2 5

Time 1450 1410 1300

VWater tenperature (°C) 7.2 7.0 6.6

Sream wdth (m) 2.4 3.7 4.9

Benthos Collection Point | [ v | I v | I v

Stream substrate conposition (%)

Boul der 80 100 =
Rubbl e 40 40 60 80 - - - - 95 10 -~ 50
G avel 60 50 40 20 90 100 100 80 5 10 « 40
Sand/ si |t 10 - - 10 - ) 20 - - ~ 10
Véter depth (m) 0.15 0.17 0.08 0.06 0.06 0.06 0.08 0.24 0.18 0.17 0.12 0.06
Véter velocity (m/sec) 0.37 0.06 0.37 0.06 0.21 0.37 0.40 0.18 0.30 0.27 0.09 0.06
Lone Creek
Site
1 8 11

Time 0930 1040 1140

Water tenperature (°C) 5.5 6.4 6.4

Sream wdth (m) 5.5 3.7 6.1

Bent hos Cgllection Point | [ It v | I It v I v

9,

Streg@ulsd%rstrate conposition (%) ) _
Rubbl e 90 100 80 80 50 60 40 - 70 100 90 70
LAk o =70 gy B oW @og % - 1030

Véter depth (m) 0.09 0.09 0.09 0.14 0.06 0.15 0.14 0.12 0.08 0.09 0.18 0.06

Vater velocity (m/sec) 0.24 0.15 0.43 0.24 0.30 0.37 0.37 0.18 0.34 0.61 0.64 0.15
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